Introduction
There is excitement about the potential profit and economic development opportunities from genetic modifications of grain. This excitement is manifested in huge industry consolidations through buyouts, joint ventures, and mergers of chemical, seed and agribusiness companies. State and federal government agencies and private organizations have developed programs to encourage and facilitate the production, handling, processing, and marketing of genetically modified grains. Huge investments are being allocated to research and development of new commodities and specialty grains. A large share ofthese research and development funds are being invested in modifying com because of the large amount of com produced in the United States and its diversity of uses. About 80 percent of the U.S . com crop is used in animal feeds domestically and abroad; therefore, genetic modifications of com for animal feed are believed to have major profit and development potential. Biotechnology and genetic engineering make possible genetic modifications of corn that could not have been realized just a decade ago. At that time, most genetic modification activity and investment focused on increasing grain production. Today, most investments are focused on increasing end-use value, particularly feed value. This report assesses the impact of six genetic modifications of corn, which will likely have the largest effects on swine and poultry diets, on feed rations and on the substitution of modified corns for soybean meal, feed fat, lysine, methionine, and other traditional livestock diet ingredients .
Method of analysis
The effect of the six nutrient modifications of corn on the composition and cost of balanced feed rations for swine and poultry was estimated using a commercial least cost ration balancing system. The corn modifications evaluated in this study include:
• Protein increased by 8 percentage points (8 . 7% to 17.7% dry matter basis)
• Lysine content doubled (0.299% to 0.598% dry matter basis)
• Enlarged germ size (from 11.1% to 27 .1% of kernel size)
• Starch digestibility increased by 8 percentage points in poultry diets
• Methionine content doubled (from 2. 07% to 4.14% dry matter basis)
• Available phosphorus doubled (from 0.058% to 0.116% dry matter basis) .
These modified corns are intended to either enhance digestibility or increase nutrients that presently must be supplemented in animal diets through another ingredient (i .e., protein, phosphorus, lysine, energy sources).
Compositions of typical and modified corn in table 1 are based on long-term averages for the western com belt obtained from industry data sources, and from our own calculations based upon material balances.
Some National Research Council data were judged to be out-of-date and to overestimate amounts of certain and compared with a standard diet using normal com to project feed savings achieved by the use of modified com. Diets were formulated using a 13 percent moisture basis for com and as-is moisture bases for other ingredients. The effects of each modification on the consumption of com and other feed ingredients were determined using the Brill system. Ingredient prices affect the use of modified com in the rations. These diets were formulated using October, 1998 ingredient prices obtained from a central Iowa feed manufacturing firm .
Results
Tables 4 to 10 show the effects of the six com modifications on feed costs and on com, soybean, feed fat, lysine, dicalcium phosphate and methionine usage in swine and poultry diets . The impact of each modification was calculated assuming that the modified com was sold at the same price as commodity corn, and that no price changes occurr in the other feed ingredients . In each case, the increased use of the modified com resulted in a decrease in consumption in the original source(s) of the nutrient. In some cases, the increased use of modified com also led to greater total com consumption, usually at the expense of alternate feed ingredients.
High protein com has the greatest impact on consumption of com and soybean meal. Soybean meal is usually the chief protein source in swine and poultry rations, followed by com protein. If com protein Table 9 : Impact of a 100 percent increase available phosphorus content in corn on feed costs and corn , soybean , feed fat, lysine, methionine, and dicalcium phosphate usage in swine feed A general increase in germ size of 16 percent would provide additional protein and oil, but less starch, in com. This could increase com consumption in swine and poultry rations by 20 1 million bushels in domestic markets and save more than $9 per ton in rations. Savings occur as a result of decreases in soybean usage (113 .1 million bushels), feed fat usage (3.4 million tons), and supplemental amino acid usage decreases of 15 thousand tons of methionine and nearly 3 thousand tons of lysine. Dicalcium phosphate usage would decrease by nearly 8 thousand tons.
Feed savings of approximately $7 per ton could be realized in poultry rations by increasing the methionine content of com by 100 percent (from 0.2 percent to 0.4 percent of the com kernel). Supplemental methionine is routinely added to poultry rations because methionine is a limiting amino acid in poultry diets. The market for supplemental methionine could decrease by nearly 40 thousand tons if com with twice the normal amount of methionine were available. Because corn protein is also assumed to increase, a decrease in soybean usage (14 .2 million bushels) would be likely to occur if the price of soymeal did not change. Decreases in feed fat usage {1.3 million tons) and dicalcium phosphate {2 thousand tons) will also
occur. An increase of 3 thousand tons in usage of supplemental lysine might also occur if the least cost ration becomes less heavily dependent on soybean meal.
A 100 percent increase in lysine in corn combined with increased protein could result in savings of $2 per ton in swine diets, and could increase corn consumption by 13 .7 million bushels in domestic markets .
Increases in supplemental dicalcium phosphate of 3 thousand tons could also occur. However, soybean and supplemental lysine usage would decrease by 16.4 million bushels and 37 thousand tons each if their prices remained constant.
If phosphorus in corn were more available in swine diets, there would be less need to supplement the diet with dicalcium phosphate. This would result in less phosphorus in manure. A 100 percent increase in phosphorus availability in corn would result in only $0.40 savings in feed cost per ton, and would decrease the use of dicalcium phosphate in swine rations by nearly 41 thousand tons in domestic swine feeding operations. The environments benefits from reduced phohphorus in manus were not estimated.
Conclusions
• The consumption data above show that modified corn with increased nutrient levels would decrease the cost of feeds and decrease in consumption of other major feed ingredients, assuming prices of other ingredients do not change.
• Corn producers, who also produce soybeans, will be hurt by large decreases in consumption of soybean meal in U.S. livestock markets.
• The largest market opportunities for modified com will be from increased protein, oil, and amino acids.
• The availability of com with enhanced nutrient levels for livestock feeding will result in more price competition among sellers of feed ingredients.
• This increased feed ingredient competition will undoubtedly cause reductions in the prices of soybeans feed fat, methionine, lysine and dicalcium phosphorus.
• The greatest price reduction will probably be for feed fat since there are currently few alternative uses of this feed ingredient.
• After downward price adjustments occur for competing feed ingredients, either the quantity or prices of the modified corns must fall if they are to be consumed in substantial quantities.
• The major beneficiaries of modified com will be the end users. The cost of the feed rations decline with the use ofthe modified com even assuming no price changes. However, the suppliers of the traditional ingredient inputs will almost certainly reduce their prices to maintain sales, which will further reduce feed costs.
